A method of measuring the entropy of formation is sug gested by the Third Law of Thermodynamics. This Law states that the value of the entropy of a crystalline solid in complete internal equilibrium is zero at the absolute zero of temperature. The entropy of CaMg2 was evaluated from the heat capacity measurements. These data were combined with the existing entropy information of the elements to yield the entropy of formation of the compound. The heat capacity was measured below room temperature in an adiabatic calorimeter.
Above room temperature, the heat capacity was extracted from measurements of the heat content, which was measured relative to the value at 273.1°K with the aid of an ice calorimeter.
The heat capacity measurements also provide the neces sary information to evaluate the temperature dependence of the enthalpy of formation. These heat capacity data were combined with existing information to obtain the value of the enthalpy of formation at 0°K.
The enthalpy of formation of the intermetallic compound, CaMg2 was approximated as the difference between the cohesive energies of the compound and of the elemental constituents.
The cohesive energies were obtained from a modification of 
where AE is the amount of energy delivered to the sample and AT is the temperature rise of the sample. The physical de tails of the calorimeter and the experimental procedure for the measurements have been described by Gerstein et (1966) .
The design of the calorimeter is illustrated in Figure 1 . The CaMg2 powder was sealed in the sample container, 1, and the sample container was suspended inside of a thermal shield, 3, that was maintained at the same temperature as the sample.
Surrounding this shield was another shield, 4, which was maintained at liquid nitrogen temperature. The entire assembly was suspended inside of an evacuated chamber, 7.
Temperature differences between the shield, 3, and the sample which the heat capacity of CaMg2 was measured container, 1, were sensed by three separate thermocouple circuits and when required an electrical heater which was wound around the shield was energized in order to maintain the shield at the same temperature as the sample.
Heat energy was supplied to the sample by dissipating electrical energy in a manganin resistance heater. This heater together with a platinum resistance thermometer which had been calibrated by the National Bureau of Standards was inserted in a well, 2, which was located in the bottom of the sample container.
Since adiabatic conditions were difficult to achieve an experimental procedure was followed which compensated for the heat leaks. This procedure consisted of measuring the time rate of change of the temperature of the sample before and after heat inputs. The temperature of the sample before and after the heat inputs was extrapolated to the center of the heating period. These extrapolations were based on the best fit of a straight line through the measured time rate of change of the temperature. The difference at the center of the heating period between the extrapolated lines was taken as the measure of the temperature rise due to the heat input.
The electrical energy, AE, supplied to the heater was deter mined by measuring the potential drop, V]^, across the heater, the potential drop, Vr, across the standard resistance, R, which was in series with the heater, and the time, t, that the heater was energized. The relation among these quanti ties is expressed by the following equation,
The mean heat capacity was then calculated from Equation 1.
In order to compensate for the heat capacity of the sample container, the heater, and the thermometer, measurements of the heat capacity over the entire temperature interval were carried out with and without the sample in place. The differ ence between these two sets of measurements is the heat capacity of the sample.
The calcium and the magnesium were purified by vapor distillation at the Ames Laboratory. Chemical analyses of the calcium and magnesium are listed in 
The values of S^g° and at 298.1°K were taken from the compilation of Hultgren et al. (1963) . Heat leaks into and out of the ice calorimeter were minimized by immersing it in an ice bath. Even with this precaution slight heat leaks were still observed. Their effect on the experiment was compensated by measuring the heat leaks before and after each drop and applying these corrections to the data.
The calcium-magnesium sample was sealed together with an argon atmosphere in a tantalum container, which in turn was sealed in a platinum container. The heat content of the sample was obtained as the difference between the measurements on an empty container and a container with the sample. This method has the added advantage of minimizing systematic errors due to the experimental procedure.
The results of a chemical analysis of the sample are listed in Table 5 . These results indicate that the sample is in the two phase region consisting of magnesium and CaMg2.
The observed heat content values were corrected for the mag nesium phase present in the sample with the enthalpy values of magnesium listed by Hultgren _et al. (1963) . The corrected values of the enthalpy of CaMg2 are listed in Table 6 .
The enthalpy difference, % -was evaluated from a polynomial of degree two which had been fitted to the exper imental data by the method of least squares. The deviations of the experimental points from the fitted curves are listed in Table 6 . Table 7 lists the enthalpy values calculated from the fitted curve.
The entropy difference, S-pwas evaluated by a method suggested by Huitgren _et (1963) . Following their suggestions the mean heat capacity of each enthalpy datum point was calculated and the mean heat capacity data were fitted to a straight line by the method of least squares.
The measured values of the low temperature heat capacity and the mean heat capacity values calculated from the heat con tent data are shown in Figure 3 . The discontinuity at 273°K between the straight line fit and the values from the adiabatic heat capacity measurements is less than 0.5 percent. The entropy difference was calculated with the aid of the fitted line from the relation, c % -5298.1 " J dT (4) ^298.1 ^ These values are tabulated in Table 7 . Values above 470^K
were calculated from an extrapolation of the fitted Cp curve. (6) are the Coulomb self energy, the Fermi energy, and the exchange energy. These terms are evaluated by assuming that the electrons in the higher states behave as a free electron gas. The final terra in (6) represents the correlation energy. This particular expression of the correlation energy is due to Pines (1955) . Raimes (1963) suggests that this expression for the correlation energy should be valid in the region of metallic densities. + + 2.212^/3 , 0.9162^/3 + (0.031 ln(RgZ"l/3) -.115) (6) Brooks (1963) has calculated the cohesive energy of elements in Groups III and IV of the Periodic Chart. His calculations are similar to those of Wigner and Seitz (1933) and of Raimes (1952) in that he has calculated a ground state energy for the conduction electrons and treated the higher energy states by the free electron approximation with correc tions for coulomb, exchange, and correlation energies of the electron gas.
In the present work at attempt has been made to extend this approach to binary alloys. In this extension the ground state energy of the valence band in an alloy was approximated by the arithmetic mean of the ground state energies of the elemental constituents, i.e., Eo -MlEol + N2E02.
where Eq is the ground state energy of the alloy EqI and Eo2 are the ground state energies of the respective elements, and N]_ and N2 are the mole fractions of the respective elements.
In order to evaluate the EQ of Equation 7 , atomic polyhedra were defined for the atoms of the alloy in a manner similar to the definition of the Wigner-Seitz cell. Planes are constructed normal to the interatomic vectors between a reference atom and its nearest and next nearest neighbors.
The atomic polyhedron is defined as the smallest volume enclosed by this set of planes and containing the reference atom, and each polyhedron is subsequently replaced by a sphere of equal volume.
In the elemental case, the ground state energy term is related to the radius of the Wigner-Seitz sphere by the expression.
For the case of an alloy, the terms Eq]_ and Eq2 were assumed to be related to radii, and R2, of their respective WignerSeitz spheres in the alloy by the expressions;
The values of and Rq2 were assumed to be the same in the alloy as in the elemental case.
The occupied states of higher energy were calculated on the assumption that the electrons behaved as free electrons with the corrections to the energy for Coulomb, exchange, and correlation interactions. The average energy per electron of the higher states which is denoted by Egg was calculated from
1.) The enthalpy of formation, 2.) the volume of the alloy, and 3.) the bulk modulus.
The enthalpy of formation was approximated by the differ ence between the cohesive energy of the compound and the sum of the cohesive energy of the elements. Thus the enthalpy of formation may be calculated as a function of the cell size of the compound from the relation.
where E]_ and E2 are the cohesive energies of the respective elements. This approximation neglects the differences between the zero point energies of the respective materials.
The volume of an alloy was calculated from the relation, where R is the quantity defined in Equation 12 . The equi librium volume is that volume which corresponds to the mini mum in the cohesive energy versus volume relation. Finally, the bulk modulus was obtained from the relation.
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DISCUSSION
The standard enthalpy of formation was obtained at the absolute zero of temperature from the relation,
The first integral was evaluated from the experimental heat capacity and heat content data presented above, while the last integral was evaluated from the data compiled by Hultgren et al. (1963) . The existing data for the heat of formation of CaMg2 are listed in Table 8 . The lack of any appreciable temperature dependence of the enthalpy of forma tion is in agreement with the Kopp-Neuman Rule which states that the heat capacity of a metallic alloy may be approximated by the sum of the heat capacities of the constituent elements.
The equilibrium volumes of the elements and of the com pound were calculated from the lattice parameters tabulated by Pearson (1958) . A volume contraction of 5.66% was found from these data to be associated with the formation of the compound CaMg2. Rudman (1965) has suggested a one for two substitutional scheme for these structures. The ideal size ratio is based on volume considerations and leads to an ideal radius ratio 1/3 of (2) . He also postulates that systems which deviate from this ideal ratio should exhibit a strain energy contri bution to the thermodynamics of formation. Such an interpre tation is also suggested by the data of King and Kleppa (1964) . Their measurements of the heats of formation of CaMg2, SrMg25 and BaMg# indicate that CaMg2 with a size ratio close to ideality has the largest heat of formation, and that BaMg2 whose size ratio is the least favorable of the three compounds also has the smallest heat of formation. ^The values of columns labeled A arc v^ith R2/R1 ~ (1.5)'^ and the values of columns labeled B arc with R2/R1 " (2)^/^. ^The bulk modulus of CaMg2 was obtained by Suvner and Smith (1962) .
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The heat capacity of CaMg? has been measured from 4.9°K to 286.6°K with an adiabatic calorimeter. The standard entropy of CaKgg was evaluated from these data in accordance with the Third Law of Thermodynamics to obtain a value of 8.27 cal/gm-atom/K° at 293.1°K. This value was combined with the existing entropy values of the appropriate elements to yield a value of -.25 + .06 cal/K°/gm-atom for the standard entropy of formation of CaMg2 298.1°I<.
The heat content of CaMg? was measured with the aid of a Bunsen ice calorimeter from 273^K to 670°K. These data were combined with the heat capacity information and existing data for the standard enthalpy of formation of CaMg2 and the heat capacities of the elements to obtain a value of -3.19 Kcal/ mole for the standard enthalpy of formation at 0°K.
• The cohesive energies of Ccj:g2, SrKg2, and BaMgç were evaluated in the framework of the free electron theory of metals. The ground state energies of the valence electrons of the compounds were approximated as the arithmetic mean of the ground state energies of the appropriate elements. The states of higher energy were calculated in the free electron approxi mation. With the size ratio of the constituents fixed at the
